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Abstract ; In optimization of thickness of shielding materials when stratified layers of 
binaiy materials are used, the thickness and Z value of the front layer play significant roles. It has 
been found that a layer of high-Z material when placed belore a gamma radiation shield reduces the 
optimum saturation thickness needed for shielding purpose In the present investigaiioii. 
11 leasuieinents of energy albedo as well as optiniuiii thickness for 662 keV energy photons have 
been leponed using lead, tin and iron us front layer inuienal and aluminium, concrete and iron as 
shielding materials
K eyw ords : Ciammaj;adianon, shielding matcnals, optimization of thickness, back.scatlei'ed 
radiation, albedo
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1. Introduction
Pnergy albedo incasuicmcnis lor hackscaiicrcd gamma rays from radiation shielding materials 
arc important for the study of optimization of thickness of shielding materials when stratified 
layers of binary materials are used. Il has been found that a layer of high-Z material when 
placed before a gamma radiation shield improves the shielding property and considerably 
decreases the saturation thickness. The atomic number and the varying thickness of the front 
layer play significant roles in reduction of saturation thickness as well as the cost of shielding 
materials.
Measurements of energy albedo of backscaliered photons from homogeneous 
materials dates back from mid fifties 11 ]. Since then extensive work in this field was reported 
by many workers [2-8]. Nakamura and Hyodo 19j investigated the backscattering of gamma 
rays from semi-infinite stratified slabs of alternating tin and aluminium layers, but the work 
was not exhaustive. Systematic investigations on the measurements of both number and 
energy albedo from stratified layers of heterogeneous materials were reported by
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Bhattacharjee and Sinha [1Q-12J. But the literature on the effect of Wgh-Zfronl layer on the 
saturation thickness of a gamma radiation shield is almost scarce.
In this investigation, energy albedo as well as saturation thickness measurements for 
662 keV energy photons have been reported using lead, tin and iron as front layer materials 
and aluminium, concrete and iron as shielding materials.
Most of the authors made energy albedo measurements for backscatlered photons with 
a scintillation counter coupled with a multichannel analyser and necessary response correction 
was made by tedious inverse matrix method. But the indigenously designed Proportional 
Response Photon Counter (PRPC) whose efficiency is proportional to the energy of the 
incident photon has been used in this investigation.
2. Proportional response photon counter
For paraxially incident gamma rays, the intrinsic efficiency of the filter crystal combination 
expressed in counts per photon is given by 
f  = [1 -  exp (-fl/i)] exp
where aandb are the thickness of the crystal and the filler and (j) and ,a arc the total ^nd non -
coherent absorption coefficient of the filter and the crystal respectively [13].
dF '
For the response to be proportional for a photon counter —  should be made
constant.
The optimal thickness b of such a counter is given by 
h = a [exp ifMi) i|-' ^  -  r '
‘d(\> d(l)
For a Nal(Tl) crystal of 5 cm thickness, the optimal mean value of h is found to be
36.8 g cm‘  ^for carbon filler and the efficiency is found to be linear from 60-1250 keV. The 
calculated efficiency with different energies are presented in Figure 1 [ 14]
TG
Figure 1. Variation of efficiency of the detector with incident photon energy.
3. Experimental arrangement and method
In this investigation, aluminium, concrete and iron slabs have been used as shielding 
materials and lead, tin and iron slabs have been used as front layer in respective cases 
Concrete slabs are made by mixing 25% of portland cement with 25% gravel and 50% sand. 
Each concrete slab is supported inside by a thin iron net. The si/c and thickness of each 
scatterer used in this measurement arc given in Table 1.
Table 1. Thickness, symbol, surface area of different scattering slabs.
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Name of 
scatterer
Symbol of scattering 
material
Thickness of each 
scatterer (cm)
Lateral si?.c of 
each scatterer
Lead L 0.1 40 cm X 40 cm
Tin T 0.3 40 cm X 40 cm
Iron I 0 3 40 cm X 40 cm
Concrete C 2 0 40 cm X 40 cm
Aluminium A 0.3 40 cm X 40 cm
With each of the semi-infinite and homogeneous shielding material used as back layer, 
three configurations of high-Z front layers arc used. The symbol and number of the slab(s) 
used as the high-Z front layer in combination with homogeneous monolayer of a shielding 
material is shown as a subscript in a configuration. For example, in L\C configuration, a 
single slab of lead of known thickness is placed before a semi-infinite medium of concrete 
layer.
00cm 1 20cm :
Figure 2. Schematic diagram of the experimental arrangement.
The source of 1.11 MBq strength is use.d. The source is placed at the centre of 
the front layer through which the axis of the detector also passes, as shown in Figure 2. The
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IVont face of the first layer is kept at a distance of 1 metre from the detector. The required 
scattering slabs arc placed on a goniometer calibrated in degrees. The angle denoted by 0is 
the angle between the normal to the surface of the scatterer and the detector axis and is 
measured in steps of 10*^ from 0® to 90'^ . If the scattering angle of a photon in Compton 
collision is 0,, then 0= 180° -  0^ , To eliminate the forward scattering radiation at the 90° 
position  ^ the goniometer is placed close to 90°. To avoid scattering from the floor, the entire 
assembly is placed on a foam bed at an appreciable height from the floor.
The differential and total energy albedo values using different configurations are 
measured for 662 keV photons.
By definition, the differential energy albedo is expressed as 
NE,
(0. Jc) =  ^
where N, is the number of backscaltcred photons per unit solid angle with energy E, and A/q 
is the number of photons incident on the scatterer with energy Eq.
The observed integral count obtained with PRPC due to scattering is
N.(>b«;
where f, is the elficicncy of the detecting system for energy E, ,
ThcreCorc, N,E, = - -
Simiku-ly, the observed integral counts due to the primary soifrce in the absence of the 
scattered are given by
Hence,
= KN,E,.
{0, x ) =  N,EJN,,E^ =
N.obs
The differential energy albedo is therefore computed on the basis of its definition from 
the ratio of the two observed counts with and without the scatterer. The total energy albedo is 
obtained by numerical integration of differential values over angular coordinates [2,12]. By 
extrapolation method the extrapolated value of energy albedo is determined.
4. Results and discussion
The total energy albedo values at saturation thickness for different configurations for 662 keV 
photons are presented in Table 2. The minimum thickness of a scattering medium for which
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the backscattering effect is maximum is considered as saturation thickness. The total energy 
albedo values for 662 keV photons for aluminium and its combination with lead of varying
T able  2. Total energy albedo and percentage decrease of saturation thickness when a high-Z 
element is placed in front of a shielding material.
Configuration Thickness of the Total energy Saturation thickness Percentage reduc-
front layer (cm) albedo of shielding material tion of saturation
(cm) thick lusss
c 0.298±0 01 1 0
LiC 0 .1 0.123±0 01 8.3 17%
0 . 2 0 092±0.0I 6 .0 409f.
0.3 0.07210.01 4 0
T,C 0.3 0.190±0 01 6 .0 40%.
TjC 0 .6 0.14710,01 4.8 52%
T3C 0 9 0.137±0 01 2 . 0 80%
I,C 0.3 0 277±0 01 7.5 m h
IjC 0 .6 0.253±0.01 6 . 0 40%
13C 0.9 0.243±0.0I 5.0 50%2
A . . 0.330±0.()l 7.8 -
L|A 0  1 0.140±0 01 4 8 38.5%
I-2 A 0 .2 0.105±0.01 3 6 53.8%
L3A 0 3 0.07510.01 1 .8 76.9%
T,A 0.3 0.20710.01 3 9 19.2%
TjA 0 .6 0  16610 0 1 3.0 38.5%.
T3A 0-9 0 14910 01 2 4 61.5%
I,A 0.3 0.29910.01 5 4 30.8%
hA 0 .6 0.27010.01 4.5 42,3%.
0.9 0.25410.01 3.3 57,7%.
1 - 0.21510 01 2.4
0 ,1 0 . 1 1 0 1 0 . 0 1 1 5 37.5%
1 ^ 1 0 2 0.07810.01 1 .1 58 3%
L3I 0.3 0 06510.01 0 9 75 0%
Til 0.3 0.15810,01 1 .8 25 0 %
T2I 0.6 0.14910.01 1 . 2 50 0%
T3I 0.9 0 13210 01 0 6 75.0%.
thickness as front layer are shown in Figure 3 and those for concrete and its similar 
combination with lead as front layer have been shown in Figure 4. It is observed from both
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Figure 3. Total energy albedo v.v scatierer thickness graph for LA configuration.
662 Kev
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the figures and Table 2 that the saturation thickness of the radiation shield decreases 
appreciably with higher-Z values and increasing thickness of the front layra. The loial energy
isii
i
3
Figure 5. Vanaiion of roial energy ufbeclo wiih 
thickness of front layer
Sc^ ifotion thicKnass of (he 
combination (cm)
Figure 5. Front layer thickness vs saturation 
thickness graph.
albedo values of concrete with lead as Iront layer when plotted against its thickness, bears an 
exponenlial relation as shown in Figure 5. It is seen in Figure 6 that the saturation thickness
Figure 7.1)cpendence of saturation thickness on the atomic number of the front layer.
of the binary configuration decreases with the increasing thickness of the front layer. The 
figure also indicates that the saturation thickness of aluminium without a front layer, agrees
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well with that value of the monolayer of aluminium as shown in Table 2. The dependence of 
total energy albedo as well as the saturation thickness of a radiation shield on the front layer 
confirms the results obtained by Bhattachaijee and Sinha [12] that the backscattering effect is 
a surface phenomenon and arises at the front surface of the radiation shield. The saturation 
thickness of a from layered radiation shield depends on the atomic number of the front layer 
as shown in Figure 7. It is observed in the figure that the thickness of the radiation shield 
such as concrete, aluminium or iron when layered in the front with high>Z material, decreases 
with increase of the atomic number of the front layer which is in agreement with theoretical 
values. When the front layer is absent, each monolayer scatterer agrees well with its 
homogeneous saturation value as observed in Figure 7. This is in conformity with the results 
obtained by other workers [2,12]. Investigations on the effect of high-Z front layer for 
gamma radiation shield with 1250 keV photon energy is under progress.
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